Introduction
Intermetallic rare earth-(RE) and uranium-based compounds RE 2 T 2 X and U 2 T 2 X (T = late transition metal; X = Mg, Cd, In, Sn, Pb) with the tetragonal Mo 2 B 2 Fe-type structure have intensively been investigated in the last twenty years with respect to their very interesting magnetic and electrical properties [1, 2] , e. g. the heavy-fermion system Ce 2 Pt 2 In [3, 4] , the intermediate-valent Ce 2 Ni 2 Mg [5] , the 150 K antiferromagnet Gd 2 Ge 2 Mg [6] , the spin fluctuating system U 2 Ir 2 Sn [7] , or the incommensurately modulated antiferromagnet U 2 Pt 2 Sn [8] .
An interesting task is the modification of the physical properties of these intermetallics. This is possible by chemical substitution on the three crystallographically independent sites. The magnetically active RE or U site can be diluted by lanthanum or thorium substitution [9] . Another possibility is the formation of a solid solution by U/X substitution as ob-0932-0776 / 10 / 1200-1516 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Fig. 1 
Experimental Section

Synthesis
Starting materials for the preparation of samples from the solid solutions Gd 2 Cu 2 In 1−x Mg x were gadolinium in- gots (Johnson Matthey), copper drops (Johnson Matthey), indium drops (Chempur), and a magnesium rod (Johnson Matthey; the surface of the rod was removed on a turning lath in order to remove impurities), all with stated purities better than 99.9 %. In a first step, small pieces of the gadolinium ingots were arc-melted [28] under an argon pressure of ca. 600 mbar. The argon was purified with titanium sponge (900 K), silica gel, and molecular sieves. The elements were weighed in the atomic ratios listed in Table 1 and sealed in tantalum tubes under an argon pressure of 700 mbar in the same arc melting apparatus. The tantalum tubes were subsequently positioned in a water-cooled sample chamber of an induction furnace [29] (Hüttinger Elektronik, Freiburg, Germany, Typ TIG 2.5/300), heated to 1420 K, and kept at that temperature for 3 min. Subsequently the tubes were cooled to 1020 K within 5 min and kept at that temperature for another 3 h, followed by quenching. The temperature was controlled by a Sensor Therm Methis MS09 pyrometer with an accuracy of ± 30 K. The brittle samples could readily be separated from the metal tubes by mechanical fragmentation. No reaction with the crucible material was evident. The polycrystalline Gd 2 Cu 2 In 1−x Mg x samples are stable in air over weeks.
X-Ray powder diffraction
The Gd 2 Cu 2 In 1−x Mg x samples were characterized by Guinier patterns (imaging plate detector, Fujifilm BAS-1800 readout system) with CuKα 1 radiation and α-quartz (a = 491.30 and c = 540.46 pm) as the internal standard. Also new samples of Gd 2 Cu 2 In and Gd 2 Cu 2 Mg have been characterized. The tetragonal lattice parameters (Table 1) were refined by a least-squares routine. Correct indexing was ensured through an intensity calculation [30] taking the atomic positions from Y 2 Cu 2 Mg [21] .
Physical property measurements
The single-phase samples were packed in kapton foil and attached to the sample holder rod of a VSM for measuring the magnetic properties in a Quantum Design PhysicalProperty-Measurement-System in the temperature range 5 -305 K with magnetic flux densities up to 80 kOe.
Discussion
Crystal chemistry
Since the crystal chemistry and chemical bonding in the ternary series RE 2 Cu 2 In [26, 27] and RE 2 Cu 2 Mg [19, 21] have already been described in detail in recent work, herein we concentrate only on the solid solutions Gd 2 Cu 2 In 1−x Mg x . In order to understand the course of the lattice parameters, we shortly draw back to the Gd 2 Cu 2 In 1−x Mg x structure (Fig. 1) . The latter is built up from slightly distorted AlB 2 -and CsClrelated slabs. The a parameter of the Mo 2 B 2 Fe-type compounds is governed by the [Cu 2 In 1−x Mg x ] network, while the c parameter is mainly influenced by the size of the rare earth element, i. e. gadolinium in our solid solutions. Comparing the RE 2 Cu 2 In with the RE 2 Cu 2 Mg series we showed that the a parameters of all indides are substantially smaller (ca. 14 pm), while the c parameters are almost equal, although indium (150 pm) has a much larger covalent radius [32] than magnesium (136 pm). Electronic structure calculations showed stronger Cu-In bonding as compared to Cu-Mg [21] .
This trend is reflected in the solid solutions Gd 2 Cu 2 In 1−x Mg x . With increasing magnesium content we observe an increase of the a parameter, accompanied by a weakening of the Cu-In(Mg) interactions. As emphasized in Fig. 2 , the course of the a parameter shows Vegard-like behavior (small derivations will be explained in the magnetic part). The c parameters, expected to be influenced by the larger gadolinium atoms, show little variation. As a consequence, we observe an increase of the cell volume, on going to Gd 2 Cu 2 Mg. In an earlier report [31] , significantly smaller lattice parameters have been reported for Gd 2 Cu 2 In. The reason for this discrepancy is unclear.
Physical properties
Recently we have shown the influence of Ru on the solid solutions GdRu 1−x Cd x . Substitution of 20 % Cd in GdCd by ruthenium leads to a decrease of T C from about 200 to 62 K [33] . Regarding Gd 2 Cu 2 Mg, the substitution of Mg by In has also a strong influence on the T C s. Table 2 is observed. All members show slightly enhanced magnetic moments, which can be ascribed to 4 f -5d exchange interactions, with a contribution from d-electrons. This was also observed in the Gd-Cu-based intermetallic compounds crystallizing in the same structure type [18] . All members show ferromagnetic ordering between 85 and 120 K. This is in agreement with the positive paramagnetic Curie temperatures given in Table 2 , which are indicative of ferromagnetic interactions in the paramagnetic range. θ P increases almost linearly in Vegard-like manner with increasing Mg content (Fig. 2) .
The precise ordering temperatures of all members (except Gd 2 Cu 2 Mg, which was taken from [27] ) were Table 2 . Magnetic data of samples from the solid solutions Gd 2 Cu 2 In 1−x Mg x . T C : Curie temperature, Θ P : Weiss constant, µ eff : experimental magnetic moment, M S : saturation magnetization. determined from ZFC-FC measurements at 100 Oe (Fig. 3b) and therefore the derivatives of FC (dχ / dT ) were used (insets in Fig. 2 ). The course of T C depending on the magnesium content is plotted in Fig. 2 . The small deviations from Vegard-like behavior are mainly due to domains with slightly different composition. Therefore, it is also clear that the transitions in the solid solutions are somewhat broadened (insets in Fig. 2 ). This effect is more visible in the course of the T C data as compared to the cell parameters, reflecting the higher sensitivity of magnetic measurements. It should be mentioned that SEM-together with EDX-measurements show homogeneity for all members in the range of the instruments accurancy. The effect of domains with different stoichiometry (in other words, the small discrepancy between magnetic measurements and X-ray powder data) on the magnetism was recently shown for the solid solution EuRh 2−x Zn x [34] .
M(H) data (inset of Fig. 3 ) clearly show ferromagtism, which is slightly canted. No hysteresis was observed, and the saturation magnetizations for all members of Gd 2 Cu 2 In 1−x Mg x are slightly enhanced when compared to the theoretical value g × S (7µ B / Gd atom), for which the same explanation as mentioned for the enhanced effective magnetic moments is valid.
